Current recommendations indicate that children and youth ages 5-17 should participate in 60 min and adults in 150 min of moderate-to-vigorous physical activity daily. Research suggests that physical activity levels of individuals with autism spectrum disorder (ASD) are lower than typically developing and developed peers. Despite evidence for PA decreasing negative behaviors and promoting positive behaviors, individuals with ASD may be less motivated and less likely to participate. Individuals with ASD may be more likely to be overweight or obese than their typically developing counterparts as a result of decreased activity levels. Conflicting findings regarding PA levels in individuals with ASD have been reported. Given mixed evidence, further inquiry is warranted. The present chapter provides a review of literature pertaining to PA in individuals with ASD. Four databases were searched. Predetermined search terms and inclusion/exclusion criteria were clearly outlined to identify relevant articles which were then critically appraised. This research provides a greater understanding of the status of PA participation of individuals with ASD.
Introduction
Numerous physical and mental health benefits have been attributed to regular participation in physical activity (PA) and limited sedentary behavior [1] [2] [3] . Nevertheless, global levels Figure 1 depicts a summary of the phases of the review process. The initial search produced 1823 articles. Titles were screened to remove irrelevant articles and duplicates. The first two authors subsequently appraised abstracts. Finally, full texts were assessed based on the specific inclusion and exclusion criteria outlined previously. A total of 69 articles were included in the final review. Articles were sorted into five categories: (1) levels of PA (n = 10); (2) predictors related to PA (n = 4); (3) PA related to other outcome variables (n = 4): (4) PA interventions leading to changes in other outcome variables (n = 30); and (5) interventions that lead to changes in PA (n = 5). Categories 1 (levels of PA) and 2 (predictors related to PA) were combined in consideration of articles that assessed both variables (n = 16 for a total n = 30). Each article was critically analyzed based on the following components:
descriptive information, research methodology, participant characteristics, physical activity measures and/or intervention, outcome measures, and overall findings. Findings were then synthesized.
Results

Levels of PA and predictors related to PA
Thirty cross-sectional studies (see Table 1 ) that assessed levels of PA (n = 10) [18, [21] [22] [23] [24] [25] [26] [27] [28] , predictors related to PA, (n = 4) [6, [30] [31] [32] , or both (n = 16) [16, 17, [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] were obtained.
Accelerometers were implemented as a primary measure in 59% of studies [16, 18, 21, 24-29, 33, 34, 37, 40, 42-44] and greater than half of studies were published in the USA (n = 15) [6, 17, 18, 21, 23, 24, 27, 31-33, 35, 39-41, 54] or Taiwan (n = 8) [16, 25, 26, 28, 29, [42] [43] [44] . Twenty-one articles included more male than female participants [6, 17, 18, 21-27, 30-35, 37-41, 45, 46] , and seven studies included only male participants [16, 28, 29, 30 42-44] . Participants ranged in age from 3 to 21 years of age. Taken together, findings revealed lower levels of PA in individuals with ASD when compared directly to their typically developing peers [16, 18, 22, 23, 26, 28, 33, 36, 43, 44, 46] , previous reports of typically developing children and/or CDC requirements [21, 27, 29, 38] ; however, other studies reported no difference. More specifically, Boddy et al. [34] identified similar PA levels, albeit few children were active enough to meet recommended guidelines. Macdonald et al. [24] identified no difference when controlling for intelligence quotient, severity, and gender. Similarly, Corvey et al. [17] found no association between ASD and PA, although children with more severe symptoms were more sedentary. Pan et al. [43] revealed no difference in PA levels; however, children with ASD accumulated fewer steps per minute. Predictors related to PA included age, sex, family structure, SES, and the number and types of barriers and facilitators. For example, PA was greater in males than females [7] and decreased as a function of increasing age [21, 24, 27, 29, 33, 37, 38, 41] .
PA related to other outcome variables
Four studies [47] [48] [49] were included (see Table 2 ), 75% of which were conducted in the USA [47, 48, 59] . Three studies included more male participants than females [47, 49, 50] . One study included participants between the ages of 4 and 6 years of age [49] , whereas the remaining studies assessed 9-to 17-year-olds [47, 48, 50] . Studies were cross-sectional in nature, Crosssectional RT3 accelerometer-7d-MVPA -Low levels of MVPA-2/6 children close to CDC recommendations -Decrease in PA with age Borremans et al. [22] 2010 Finland assessing the relationship between PA and sleep (n = 2), [49, 50] parent-child functioning (n = 1)
[48], TV viewing frequency (n = 1 [48] , weight status (n = 1) [47] , and child behavior (n = 1) [49] . Findings revealed that: (1) PA is related to sleep [49, 50] ; (2) with an increase in parent-child functioning, there is an increase in PA [48] ; and (3) overweight/obesity is not related to days of engaging in vigorous PA for children with ASD [47] .
PA interventions leading to change in other outcome variables
Thirty studies (see Table 3 ) were included, where over half (n = 16) were published in the USA. Only five articles included individuals over the age of 18 [51, 61, 62, 66, 74] . Table 3 ), or null effects (n = 9; indicated by † in Table 3 ) following the PA interventions were reported. Taken together, there is no evidence to suggest that PA interventions have negative effects, nor is there evidence to show one PA intervention is superior to others, likely attributed in part to the multiple outcome measures.
Interventions that lead to changes in PA
Five studies [81] [82] [83] [84] [85] were included (see Table 4 ), of which varying interventions influenced PA. Repeated measures (n = 3) [81, 82, 84] and multiple-baseline (n = 2) [83, 85] designs were used to investigate outcomes pre-and post-intervention. Of these studies, 80% were published in North America (Canada, n = 2; [84, 85] USA, n = 2; [82, 83] ). Interventions were mainly PA based (n = 4) [81, [83] [84] [85] and included walking, jogging, snowshoeing, and cycling. One study investigated a motor skills intervention. All participant groups included over 50% males, and only two articles included participants over the age of 18 [83, 84] . Four studies [81, [83] [84] [85] found an increase in participation and overall levels of PA, whereas one study, focusing on a motor skills intervention, found no difference in PA levels [82] . Together, findings revealed PA and/or health interventions can influence sustained PA levels post-intervention; however, there is insufficient evidence to conclude whether interventions that are not PA-based influence PA levels.
Discussion
Taken together, findings revealed lower levels of PA in individuals with ASD [16, 18, 22-23, 26-28, 33, 36, 38, 43, 44, 46] ; especially in male children [37, 38] 24, 27, 29, 33, 37, 38, 44] . Nevertheless, studies that report no difference were also common [e.g., 17, 34] . Barriers to PA include, but are not limited to, finances, lack of resources and opportunities, poor motor skills, behavioral and learning problems, the need for supervision, family time constraints, lack of a partner, and lack of available transportation. Must et al. [39] reported a positive relationship between age and the total number of barriers. Furthermore, the number of barriers was inversely related to the number of PA hours and total number and types of activities per year. Facilitators to PA included good equipment and community programs.
There was evidence that PA interventions can improve certain outcome measures, such as communication, balance, and fitness levels [e.g., 54, 56, 71] ; however, it is also important to note that others observed no effect [e.g., 62, 70]. Importantly, there was no evidence to suggest that PA interventions cause negative effects. Interventions that aimed to address levels of PA specifically found that PA interventions lead to increased PA levels, while one motor skill intervention [82] was not effective. Overall, no one intervention was suggested as optimal for decreasing negative and/or promoting positive behaviors.
Common limitations included small sample sizes with little ethnic and socioeconomic diversity that limited generalizability and underpowered analyses. Unequal sex distributions were repeatedly observed, as many participant groups were comprised of mainly males. It is important to consider that this may be a result of the intrinsic property of ASD being five times more prevalent in males than in females (CDC, 2014). Assessments of PA levels were limited, in some cases by parent-report assessments, where more objective assessments (i.e., accelerometer data) were limited by compliance, and the inability of the tool to assess all PAs (e.g., water activities). With respect to interventions, short durations were commonly reported. Furthermore, studies investigating a change in PA as the outcome variable were limited. Finally, most studies included children that were high functioning on the spectrum. Methodologically this review was limited to four search engines, and papers published within the last decade. Unpublished studies and studies published in languages other than English were not included. The quality of the studies was also not evaluated. These may have biased the results.
Future research of PA interventions should investigate the legitimacy and benefits of specific PA interventions, which may help determine the effects of distinct outcome measures.
Furthermore, research on interventions leading to a change in PA should investigate non-PA interventions in the future to determine the plausibility of changing PA levels through other intervention methods (i.e., motor skill interventions). In addition, it would be beneficial to investigate the long-term changes in PA following these interventions to determine whether this effect is sustained over time. Overall, research investigating physical activity for individuals with ASD should be explored with larger sample sizes, over longer time periods and across the spectrum. This would provide more comprehensive information on the pros and cons of physical activity for this vulnerable population. 
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